The analysis of chemical transformations of elastomers has been the subject of a number of investigations [1] [2] [3] [4] [5] [6] , and the mechanisms of reactions in oligodienes have been investigated [7] [8] [9] . However, the molecular structural transformations of polydienes during vulcanisation and thermal degradation require additional attention.
An investigation was made of industrial and specially synthesised polybutadienes with a molecular weight of 700-38 000 ( Table 1) . Composites containing 10.0 parts sulphur, 3.0 parts thiuram (tetramethylthiuram disulphide), 3.0 parts mercaptobenzothiazole, and 3.0 parts diphenylguanidine were heated in aluminium containers, and the Shore A hardness of specimens of 6 mm height was measured. The start of crosslinking was recorded from the time of the induction period t ind , which was defined as the time of the start of increase in hardness. The change in hardness in the course of the experiment characterised the kinetics of vulcanisation of the oligodienes (Figure 1 ).
Heating at temperatures of 60-100°C leads to the crosslinking of all specimens investigated; however, for PBN-5 this proceeds very slowly. The lower the MW of the specimens, and the lower the temperature, the longer is t ind and the lower is the maximum value of hardness, i.e. the start slows down and there is a reduction in the degree of vulcanisation of the oligobutadienes. The crosslinking of specimens at 60°C was most indicative.
Processing of the dependence t ind = f(MW) presented in Figure 2 yielded the value M cr ≈ 2000, which determines the critical length of the polybutadiene molecule (L cr ). When this length is exceeded, more effective structure formation of liquid rubbers begins at 60°C. On the basis of the hypothesis concerning the crosslinking of oligobutadienes through their primary thermal fluctuation decomposition [3, 10] , it can be assumed that in the given case M cr corresponds to the statistically probable size of the chain section that guarantees its initial rupture with subsequent activation of the addition of sulphur to macromolecules according to known [1] ideas about the vulcanisation of elastomers.
A number of butadiene monomer units in a macromolecule n cr = 37 (2000/54 = 37) corresponds to the critical MW. Bearing in mind that, according to certain data [11] [12] [13] [14] , the Kuhn segment size S = 7 monomer units, it can be assumed that, at 60°C, thermal fluctuation processes leading to the start of chemical reactions of interaction of the sulphur vulcanising group with oligobutadiene are guaranteed to occur for specimens with M cr ≥ 5S.
In order to obtain additional information on the structural changes in polydienes, an analysis was made of IR spectra of oligobutadiene in the course of vulcanisation. Figure 3 shows the change in optical density (A) of composites with sulphur and vulcanisation accelerating agents heated at 80°C in the form of films of ~20 µm thickness placed between two KBr glasses. The minima at t i ≈ t ind on the curves A i = f(t) confirm the consumption of CH 2 groups, C=C, and trans-1,4-bonds at the start of heating of the composites as a consequence of initial thermal fluctuation decomposition of chains [3, 10, 15] . According to the data in Figure 3 , further transformations of oligobutadienes occur with increase in the proportion of CH 2 groups on account of a reduction in the number of cis-1,4-additions when the proportion of C=C and trans-1,4-bonds levels out at its original value, probably owing to transisomerisation of the macromolecules. Note that, when specimens interacted with sulphur, no absorption bands corresponding to the appearance of CO and OH groups were observed in the IR spectra of specimens.
Ideas about the initial decomposition of polydienes by a thermal fluctuation mechanism have been confirmed by numerous investigations of thermal oxidation processes [15] [16] [17] [18] [19] . In particular, it was established that the degradation of rubbers occurs in five stages: I -initiation (induction period); II -thermal fluctuation intermonomer decomposition; III -stabilisation of structure; IV -oxidative decomposition; V -stabilisation of the structure of oxidised products. Given that the mechanisms of primary thermal fluctuation chain rupture [10] in the cases examined above and during thermal oxidation coincide, ideas concerning M cr can be applied to substantiate the thermal degradation of carbon-chain linear polydienes.
Our reasoning as to assessing the changes in MW during thermal fluctuation decomposition of macromolecules are set out in greater detail below.
The condition of thermal fluctuation energy accumulation of a solution [10] within the range M cr ≥ 5S does not by any means signify that rupture of the polybutadiene chain in the range MW ≈ 2000 has to take place at 60°C. In fact, the normal thermal degradation of rubbers, i.e. their decomposition to oligomers at 60°C, is improbable. The condition M cr is most likely indispensable for the start of thermal fluctuation rupture of macromolecules. The size of segments M di on which chains decomposed was calculated roughly from the changes in the values of the intrinsic viscosity of the rubber films [17] : from its initial value [h] 0 to the zone III (plateau) value [h] 3 -M d3 , and at the end of tests -M dx . For example, for SKD, the value M d3 = 173 × 10 3 was obtained ( Table 2) , which is 87-fold higher than M cr . Such considerable differences in M cr and M d3 may be due to the fact that not all primary thermal fluctuation ruptures of chains end in a "useful" yield in the form of stable polymer degradation products. Bartenev [21] showed directly that the chain thermal fluctuation decomposition process ends preferentially with subsequent recombination of free radicals, i.e. only some take part in subsequent processes of thermal fluctuation rupture of macromolecules.
It is quite possible that M di is that chain length with which just one stable product of primary thermal fluctuation rupture of macromolecules is formed. This makes it possible to realise only one "useful" act out of N cr3 ≈ 87 thermal fluctuation ruptures of skeletal bonds, i.e. the real yield of the thermo-oxidative reaction in zone III q = 1.1% (1:87 × 100%).
Thus, the obtained results indicate that reactions of crosslinking and degradation of polydienes begin with primary thermal fluctuation rupture of the main chain. 
